
Conclusions

• The aggregate sidelobe power from CPE return link transmissions reduce more than the SV power
during power control at minimum range.

• At 90 degrees elevation, a CPE transmitter with maximum rule power increase that results in main
beam coupling only has 0.2 dB Eb/(nO+lo) and does not significantly degrade satellite bit error
performance, lE-7 to 2E-7.
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Transmitter EIRP Spectral Limit
Proposed Rule 21.1021, 3rd NPRME
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Total power spectral density is dependent only on Maximum EIRP (EIRP at
the cell periphery) assuming uniform housing density

Small Cell Case
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l'Dlllposite ePE Tx S... tellitp Interferell~e P,)!entinl at (~15 Degreps Elevation
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Calculation of Total EIRP

Eqllivakl\t Power per AlIlpllIla St'ctor :::

lOLog(S) + lOLog(St'Clor Bt';Ull\\idth) - lOLog(:300) t C\vg EJHP/CPE)
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- hRtIkm
Ncu1bee- South Mldwelt WIll U,S. Total

. 1 Population millions 58.93 78.83 59.83 53.86 251.25
,)

2 Surface Area sq-km 515,434 2,171,282 1,950,893 4.543,136 9.180,745n

3 Hou8ehoId8 ~s 21.79 28.98 22.12 19.84 92.73
.}

.. Household Density tfileq-km 42 13 11 .. 10
J

5 Dwelling Units mtIIona 17.43 23.18 17.70 15.87 74.18()

6 Sutt8ble for LMDS % 10% 30% 70% 70% ~ 63%
7 Take ~ 25~ 25% 25% 25% 25%
8 Teal &MatberI 2,179,000 1,738,800 3,096,800 2.771,800 9,792,200
9 SublcriberllMHz 1/150 1<4,527 11,592 20.&45 18,517 65,281

10 Aver1lge Demand % 10% 1~ 1CWa 10% 10%
11 .. Active CPEs QMcbitIiI 1,453 1,159 2.085 1,852 6,528
12 Modulation EfIcienCy 1.5 1.5 1.5 1.5 1.5
13 Net Active CPEI 82 -49 88 79 279
14 Circuit EfIcienCy % 60% 6mft ~ 60% 60%
15 Active cpe. 113 12 147 132 414
18 Active CPEIIsq-km 0.0002 OO38סס.0 OO75סס.0 OO29סס.0 OO51סס.0

Souree: 1992 Rand-McNaIy Commercial Atlas

o
l)

\",)

III

~ D.Gray
'0

Hewlett-Packard Company 11122/95





Ea......... oOnI ?2 EI",,' ? 'hO.... M ddrat II .............C-Wllrjll',*.
....1

MIft ... ,.. __..........~..... ToI. Et)UI¥.
T_

T_ AfttIMa A.- PMC) HIP'"CPt's Ald. .... MLleltaML...aW...4 .. .. BlIP ,.... ••aIII., .. ""'111 .".111
<:iii> ~""'I ......, ....... _Mz .......1 .......1 dMHl ...... Ina ~

*
141·...

~ .... ·11.1 ·1J.4 -G•• ,.... .....11 ~.. ·3•• 111.04 ·21
201 ·2.' .5.. -12.0 -13.4 -0.21 22.73 -37.27 -100 -3.00 515,434 ·25- ·2.' ·5.' ·12.0 -13.4 -0.21 24.• ·:SS.11 -3.00 ·3.00 515.01 ".13 ·25- -2.' 4.' ·12.0 -114 -0.21 25.74 -31t.2e -3.00 ·3.00 515.434 ·37.31 ·25• ·2.' ·6.' ·12.' -13.4 -0.21 •.71 -33.21 -3.00 ·3.00 515,434 -31.41 -25
100 ·2.8 ·5.' ·12.0 ·'14 -0.21 27.50 -32.50 -3.GO ·3.00 515,434 ·35.82 ·25
700 -2.' -5.8 -12.0 -IS.4 -0.21 21.17 -3'.'3 -3.00 -3.00 515.434 -34.85 ·25
I0Il ·z.• -5.' -12.0 ·13.4 -0.21 21.75 -31.25 ·3.GO ·300 515.434 ·34.37 ·25- -2.' ·5.' -12.0 ·13.4 -0.21 21.21 ·30.74 -3.00 -3.00 515.434 ·33.• ·25•• -2.' -5.' ·'2.0 ..114 -0.21 ZI.n -30.21 -3..00 ·3.00 515.434 ·33.40 ·25

EIV...... 7.1 DI... IIIvtM"
_ .... 2

AcIIM E4W¥.... ....,........... -.w. PM Tot. -.w. T'" ToI8I An..... A,. PSAD 8 .. lpec
CPE·. AnL .... , Ald.IeltIMLlectJAftl ... 4 £IRP e-. IIRP P....... ....... In ....HaI .....HrI• __Hz ........1 d_HI ...-HI d\.....11 d••,11 d81Mtt1 lion Indl IndB .... a ......
qJp .... -1~A ...23 1'.• .....'0 -3.10 ••• "'AU ...... -1U -a.u , ..,3 ......., -3.11 .... "I,a4 ..... ...
• .... ·13.4 ....23 ".54 ...3.... -3.00 0.00 515.434 ·43.51 .....- .... "3.4 ....23 17.71 ...2.2• ·3.00 0.• 515.434 "'2.33 .....
500 .... ·13.4 ....23 ".11 "".24 ·3.00 0.00 5'5.434 -"'.38 .....
110 .... ·13.• ....23 ".55 "'0.45 ·3.00 0.00 515,434 ·40.57 .....
7. .... ·13.4 ....23 20.22 ••.7' ·3.00 0.00 515.434 -31.10 ....
I0Il .... ·13.4 ....23 20.• ·3• .20 -3.00 0.00 515,434 ·38.32 ••100 .... ·13.4 ....23 2'.31 ·31.. ·300 0.00 515,434 ·31.11 -41
IGOO .... ·".4 ·'.23 21.n ·31.23 ·3.00 0.00 5'5,434 '3'.35 -48

EIRP_.r HyllII U 'lII' 2 IIIyp'S?

"""2Adve __• Pwr..' Pwr ...,.... e.tv. PM Tal. Ettulv. T'" T.... An.... A... PSAD a......
cpr. AM. .... , AIIt. ...1 AM. _, Ant. ... 4 ElRP .. 1- P...... 8Ia"ng In -.-Hald.....,

• ....".MI ...-at& d..-.u ....... __.Hz .._ dIMIH& IlaRlftdl IndB .... Ii> .....
T ·1U -1~'" 7.13 -IU7 ·1. .... ""..u ~7

-'3,0 -13.00 10.01 ....... -3.00 0.00 515.434 -47- ·13.0 ·13.00 1t.77 .....23 -3..00 0.00 515.434 -41~35 ~.. ·11.1 -13M 13.11 ...... -3.11 0•• "'AU -47•• -47
500 ·13.0 -13.00 13.88 .....01 -3.GO 0.00 515.434 -41.13 -47- -13.0 ·13.00 14.71 -45.22 ·3.00 0.00 515.434 ·45.34 ~7

700 ·13.0 ·13_00 15.45 .....55 -3.00 0.00 515.434 "'4.87 ~1

100 -13.0 -13.00 '1.03 -43.87 -3.GO 0.00 5'5.434 "'4.01 ...7
100 -13.0 ·13.00 1'.54 -43.• -3.00 0.00 515,434 "'3.51 ~7

1000 -'3.0 -13.00 17.00 "".00 -3.00 0.00 515,434 -43.12 -47
1\
t)
,)

II

J D.Gr., ......PKbrd CompMV 11122115
J



ElIP .......--.vss 1!r'Sss II'........ II P"d *Me'b'c_ p's'Mn

~.PM ....,. PM .............. ,.. TaI. .... TaIIII
.....

MIle T.... Anl.na. A... NAD EMIt.,.
CP£OI AM. led • AlII. .... J AlIt. ...1 AlIt. ..... .. ~ EIRP ........ _.aM,.. 1ft d_llII.......,

• .....l __• ..-11 "'.11z d...........ttz d8M'tl Ion In dB In. ..-.. <ft sq-
<;:> -2.' .... ·12.0 ·11.4 -0.21 ,... -41.14 -.3•• -.3•• 2,171,211 -23

·2.• -5.' -12.0 -13." .0.21 22.73 -37.27 .a.GO -3.00 2.171.212 ·23- ,2.• ,5.. -12.0 -t3.4 .0.21 24.• ·35.51 .a.GO -3.00 2.171.212 -4.... ,23
400 -2.8 .s.' -12.0 -13.4 .0.21 25.7.. ·34.3 -3.00 -3.00 2.171,282 -43.13 ,23
500 -2.8 -5.8 -12.0 ·1a.4 .0.21 21.71 ·33.21 -3.00 -3.00 2.171.282 -42.• -23
800 -2.8 -5.8 -12.0 ·13.4 .0.2' 27.50 -32.50 -3.00 -3.00 2.171.212 ·41.17 ·23
700 -2.8 ·5.8 ·12.0 ·13.4 -0.2' 21.11 ·31.13 -3..00 -3.00 2.171.212 -41.20 ·23
800 -2.' -5.8 -12.0 ·13... -0.28 2'.75 ·31.25 -3.00 -3.00 2.171,212 -40.82 ,23- -2.' .a.' -12.0 ·13." -0.21 21.• -30.7" ,3..00 -3.00 2.171,212 ·40.11 ·23
10G0 -2.8 ·5.8 -12.0 ·,s." -0.21 21.72 -30.28 ,3.00 -3.00 2.171,282 ·31.15 -23

SW.,Hub. 7,1 'lIImss 'ttm'nl
RIIIon 1

AoIM _ulv. PM £tIUIV. Pwr ..... Pwr~. PM Tat. _tv. T... Total An.... A.- PSAD EIAP ....
CPE"I Ant ... 1 A......2 AnI. ...3 AIII. ..... .. e. s.. PoIIIIza,

110__
In ....1111 dBWnIHzI

• dllWlMHz dlMlMtU d_HI 41..... .......1 dlNlllHI ...... Ion IndB Ine .... if eq-k..

q.p .... ·1304 ~3 10.11 ...... ·3•• .... 2.171.282 ........ ·13.4 -1.23 14.7' ....5.22 -3.80 0.00 2,171,212 -44- .... -13.4 -1.23 11..54 -.43.• -3.80 0.00 2.171,212 .....12 -44
400 .... -13.4 -1.23 '7.78 -42.21 ·3.10 0.00 2,171,212 .....57 -44
500 .... -13.4 -1.23 ".78 -41.24 ·380 0.00 2.171,212 ....1.• -44
lOG .... -13.4 -1.23 ".55 .....45 -3.80 000 2,171,212 ....... -44
7eo .... -13.4 -1.23 20.22 -31.7' -3.10 0.80 2,171,212 .....14 -44
100 .... -13.4 -1.23 20.10 -38.20 -3.00 0.00 2.171,282 -45.58 -44- .... -13.4 -1.23 2'.31 -31.• ,3.00 0.00 2,171,212 -45.05 -44
IGOO .... -13.4 -1.23 21.17 ·31.23 -3.00 0.00 2.111.282 -44.51 ...4

• .,Hull •• Del"?? EIIy.,.
Reliant

AGIve Etaulv. PM~.Pwr __• Pwr EquIw. Pwr Tal __• ToIII TaMI Al*anl ANI ,lAD a...,.
CPE·. AnI.... t .......2 Ant. ...3 Ant. .... sap EIRP a.. PaIMza. lllaclll", In d8WIIHII dn.HrI

• ....Hz 41......1 dlMlMHI ..,.tz dlMlllHl ......1 d8WIHI Ion.... Ina eq'" Ii aq-llm

q.p ·u.' -11.00 '.14 -a." -.3•• 0.00 2.171,212 ....
·13.0 -13.00 10.14 ...... -3.00 0.00 2.171,212 ...5

300 -13.0 -'3.00 11.17 -48.23 -3.00 0.00 2.111.282 -54.• ..5
400 -13.0 -13.00 13.02 -48.88 ·3.00 0.00 2.111.282 -53.35 ·45
500 -13.0 ·'3.00 13.._ -48.01 -3.00 0.00 2,171.212 -52.31 -45
800 -13.0 -13.00 14.7' -45.22 ·3.00 0.00 2.111.212 -51.50 -45
700 ·13.0 -13.00 15.45 -44.55 ·3.00 0.00 2.171.282 -SO.82 "'5
100 -13.0 -13.00 18.03 -43.87 -3.00 0.00 2.111.282 -5034 -45
800 -13.0 -13.00 18.54 -43.48 ·3.00 0.00 2.111.212 -48.82 ...S
1000 -13.0 -13.00 11.00 -43.00 -3.00 000 2,171.282 -48.37 -45:,

)

)

I

.1 D.GIay .........Pac...d Comp.n, 11122'" •



EIRP.....D·. as EItyaIIM MlOn.II ......... b·dMcNdlr CoS'·'" AM" ___ 2

AcIM ..... ... -..PM ..... PM £4ItIV.... Tot. .... T... T.... AIIIIIIM AMI NAG 8 .......
cpr, AIIl .... t Ant ....2Mt...JML..... .. .. EIMI P....... ...- ... .............
• ••••11 .1\WItIz .-.f& .1NMItz d""1 dllWMHz "II 101I ...... In. ...... 141- 14--,. -2.' -5.' -12.0 -13.4 .0.21 ".72 ....21 -3.DO -3.00 1....113 .....1. -25

'i:' -2.. .... -11.8 ·12.4 ...21 21.• " .., 4 .• -3." '._ ~ -21
-2.1 .5.. .12.0 -13.4 .0.28 24.48 -36.61 -3.00 -3.00 1.-.- -25- -2.' 05.' -'2.0 -13.4 ~.28 25.74 -34.28 -3.00 -3.00 .....113 -43.1' -25

500 -2.' -5.' -12.0 ·13.4 ~.2' 21.7' -33.21 -3.00 -3.00 I•••• ....2.11 -25- -2.' -5.• -12.0 -'3.• -0.21 27.50 -32.50 -3.00 -3.00 1.150•• ....,.40 -25
700 ·2.' -5.' -12.0 -'3.4 -0.2' 21.17 -31.13 -3.00 -3.00 1.150._ -..0.73 -25
100 -2.' -5.' -12.0 -13.• -0.2' 21.75 -31.25 -3.00 -3.00 1.150.113· -40.1$ -25- -2.• -5.' -12.0 ·13.4 -0.2' 21.• -30.74 -3..00 -3.00 1.150'- -38.84 -25
10G0 -2.' -6.' -12.0 -13.4 -0.2' 21.n -30.21 -3.00 -3.00 U50.113 -30.11 -25

EIBP ......z.. ne.sso ...... .....1
AcIve ........ -..v...............Pwr TaL-.... TaIII ToIII AnI-.. At-. PMD DIP.,.
ePe', Ant. ..... 1 AIII. ...2 AId. ...J AlII. ...... •• E'" 8 .. P..... 1IDaIII.. ... dMWltlf d.....tzI

• d....tu dlMlMHI ...... 4....& d....."'Hl dllMtl lion .... 1,,48 ......... sq-II.. 14.....
100 .... -13.• ".23 11.77 "'.23 -3.00 0.00 I ......, -54.13 -41

T .... -ta.4 4.D 13.... -41.11 -3.00 0•• 1._._ fQ!:> ........ -11.4 ".23 ".54 -41.• -3.00 0.00 1....- ·411.31 -48- .... -.14 -'.23 17.78 ..2.21 -3.00 0.00 1._- -41.11 -48
500 .... -13.4 ".23 ".78 -41.~ -3.00 0.00 1.150'- ....7.14 ...... .... -13.4 ".23 11.55 ..-0.45 -3.00 0.00 1._._ -48.~ -48.. .... -u.• ".23 ".10 ....10 -3..00 0.• 1.",- ...... ....
100 .... -13.• ".23 20.10 -38.20 -3.00 0.00 1.850._ -45.10 -41- .... -13.4 -'.23 21.31 -31_ -100 0.00 usa,- -44.5' -48
,OGO .... -13..4 ".23 21.17 ....23 -3.00 0.00 1.150.'" ·44.13 -48

ElBJ! .rH....D·.ran '''''P'o'
\, ........ 2
AaIve &IUI¥. Pwr -.w.... -.av... __"Pwr Tal EiIuIv. TaIII T_ Aft..... ANI PMD ElRPa,.e
CPI"a Aalleol1 AIII. ..2 AM. ....J AlIt. aeot. 8 ... e. EIRP .......... ........ In d....tW ....H"

a .....Hz ct..,.H& d_ttl ~.-.u d....HI ...WIIIHI d..11 Ion In'" In 41 14.... .... sq-t..
100 -13.0 -13.00 7.00 -53.00 -3.00 0.00 1,150._ ".10 -47

T -u.O -t3." '.17 -11033 4 .• 0.• '._ V ...7
-13.0 -13.00 11.77 ....23 -3.00 0.00 1.1••113 -47... -13.0 ·13.00 '3.02 ....... -3.00 0.00 1._._ -52." -41

510 -13.0 -13.00 13.• -48.01 -3.00 0.00 1._._ -51.11 ...7- -13.0 -13.00 14.7' -45.22 -3.00 0.00 1.110.113 -51.t2 -41
7DO -13.0 -13.00 '5.45 -44.55 ·3.00 0.00 1.-'_ --50.45 -47
eoo -13.0 -13.00 18.03 -43.81 -3.00 0.00 1._._ -48.'7 ....7
too -13.0 -13.00 18.54 -43.• -3.00 0.00 1._•• -48.38 -47
10G0 -13.0 -13.00 17.00 -4300 ·3.00 0.00 U5O••83 ....10 -47

"I)
.J
'I

'oJ OGf-v H.....-P.ck.d Compq 11122185
.J

;



E_.....at' pel n firm'?' Wp' ................NllrC........ NIe•
..... 1.4,.

NMtIe .............. ....,.......... T....... r-. T.... AII".B. A.- PUD .,..
.CPE'I A8t ... 1 AII...... aAIIL ...aMl. ...4 •• B. s.- PoIMtD- 1100"'" ... ct_11II __1111

• d..... da.... da.... d__.1z ..... da-.ta -.. Ion ... da .... ...... ...... sq-
1. -2.1 ..s.8 ·12.0 -13.4 ·CUI 11.72 ..to.2I -3.00 -3.00 4,543,1. ·52.• ·21

<iJ> ·2.' -5.8 -12.0 ·13.4 -0.21 20.12 ·38.• -3.00 -3.00 4,543,138 W ·21
-21 -5.8 ·12.0 -13.4 -0.21 24.41 -35.51 ·3.00 -3.00 4,543,1. -21- -21 -I.' ·12.0 -13.4 -0.21 25.74 -34.21 ·3.00 ·3.00 4,543,1• .....13 -21

!GO ·2.1 -5.1 ·12.0 -13.4 -o.2a 21.71 -33.21 ·3.00 -3.00 ",543,1. -45.a7 -28
lOG -21 -5..8 ·12.0 '''.4 -o.2a 27.50 -32.50 -3.00 -3.00 4,543,1. -45.07 ·28
700 -2.1 ·5.8 ·12.0 ·13.4 -0.2' 21.17 ·31.a3 -3.00 -3.00 4,543,1. --M.4O -28- .2.8 -1.1 ·12.0 ·13.4 -o.2a 21.75 ·31.25 -3.00 -3.00 4,543,1. -43.12 -28
000 -2.8 -5.1 ·12.0 -13.4 -0.21 21.28 -30.74 -3.00 -3.00 4,543,1. -43.31 -21
10G0 ·21 -5.' -12.0 ·13." -0.21 21.72 -3021 -3.00 -300 4,543,1. ~2.18 -28

EIRP_....17.1 DIINU E..... .....3...'
ActIn .... Pwr &11*. Pwr ...... E4M1V. Pwr TaL .....,. ToIII T..... An..... A.- 'SAD EIRP ...
CPr. .. 1eot1 ......aAIILt.ltSAM ...... EIRP a. EIRP ,..... 8IocIdItI In dlft'WMHzI .-will""• ._Hz .....Hz .-..Hz ......11 .....HI ....tII d8\Wtl 1Ion1n. In. Iq.... ....... ~'"100 ~. -13.4 -1.23 11.77 -41.23 -3.00 0.00 ",543.1. -57.eo -6

T .... -13.4 ".23 12.• -47.• 4. ••• 4,.'. ft> -47.... -13.4 -1.23 18.54 -43.• -3.00 0.00 ",543,1. ...7
400 ".a -13.4 ".23 17.71 ~2.21 ·3.00 0.00 ",543,1. ·51.7' ~7

500 .... -13.4 ".23 ".7. ~'.24 -3.00 0.00 4.543,1. ·50." ...7- .... -13.4 ".23 ".55 ..to." -3.00 0.00 ",543,1. -60.02 -41
1. .... -13." ".23 20.22 -31.1' ·3.00 0.00 ",543,1. •....35 ~7

100 .... ·13." ".23 2O.eo -31.20 ·3.00 0.00 4,543,1. •....77 ~1

8DO ..... -13." ".23 21.31 -31.• -3.00 0.00 ",543,1. "".28 ~7I. .... ·13." ".23 21.77 -38.23 -3.00 0.00 4,543,1. ·41.10 ~7

EIftP • Hub••%Ion .,.......
.....3.4.1

AoIM ....,. Pwr ....,.... EquIv." ...... Pwr Tal.~. ,..... TGIII AntInna ArM PaAD ElRPS..
ePE" Anl .... , Ani. ...2 AlIt ....3 AlII. Ieot 4 EIRP EIRP ElIIP ,.,.,. 8IDcIItI.. In • ...........11

• cIINMHz 48W'MHz .-,. ..-Hz dIINIItHz dlMlMHz d8Mtz lion In. Inde sq-IlM ......
.....'",. -13.0 -13.00 7.00 -53.• -3.00 0.00 4.543.131 .e2.51 -41

T ·13.0 -13•• • .21 -IUt ·3.• '.00 4,U3.'. fi> ....
-13.0 ·13.00 11.77 -41.23 -3.00 0.00 4,543.1. ....- ·13.0 ·13.00 13.02 ..... -3.00 0.00 4,543,1. -51.55 ....

sao -13.0 -1100 13.. ....01 -3.00 0.00 4,541.1. -55.51 ....
110 -13.0 -13.00 14.71 -45.22 -3.00 0.00 4,543,131 -54.71 ~.

700 -13.0 -13.00 15.45 --M.55 -3.00 0.00 ",543.138 -54.12 ...1
100 -13.0 -13.00 1•.03 -43.87 -100 0.00 4,543.138 -53.54 ....
lOG -13.0 ·13.00 18.54 -43.48 -3.00 0.00 4,543,138 -53.03 ~.

0 1000 -13.0 -13.00 17.00 -43.00 -3.00 0.00 4.543.131 -52.51 •..1
0

••11

;',,)
H..etI-P....d Conpny. D.Gr~ 1'122195

.)



Transmitter EIRP Spectral Limit as per
Proposed Rule 21.1020 &: 21.1021, 3rd NPRM with
Projected EIRP Levels for U.S. Regions
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Probability DlsQibltion tor Demand and Active
CPETx's in 30 Dqpee Sector
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~--- Joint ProbeblJity Distribution tor Demand and
Aettve CPE Tx's in 30 Degree Sector

Probl&1llty DIeIrtbutIon of CPE 1)(.
WItI Oem_ in % ..PIt.".,

5 10 15 20 25 30 35 .a
y Number~ AdNe CPE Tn

f 1.00E-4

'

0 1.00E.7~~

1.00e-10 ~"7'4-__""'-+--~4+----l~~..pt

1.00e.13 t+--+-~HIr--+--I--~---l--+-~

.;m-;

.. -------------------------~

-12tt2==t==:t===t==~

--...Q11 •••• n~

Ettect of Interference Level on C'(N+I)

3 -- ._...-..--.... -' •............. LM0811N

0
..... .... 0Iw1lN

7
-3 , To-. lIN• •.Ii ~ 'I ~)

I
01

... S

.=m
D.Gray111122195



Effect of Interference Level on C/(N+I)
and BER
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